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Fig.1 Principle of ultrasound-assisted

laser-modification grinding
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Fig.3 Image segmentation results
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Fig.4 Influence of spindle speed on Hd value
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Fig.6 Influence of amplitude on Hd value

SR (EA R A, X EE I AL
HIZEUN B 28 R B BRI
L EZ RIS Ve G , B AR R
VRIS, TR EEA PR
A FHYFLEE SEM B8 A FELIK 7. i
T R B, A 2 AR 38 3 O B
PENFL AR BRI 22, HERTH
HRE B2 o SR, FESR I S HHE
HEI AT BOCMCE R T 6
JEASE) AT, KRB K>,
AT B T N T
24 [REEFIRE

A A A b B FR v R
FH R 75 41 0 B AR A B 5 T4
Z R AR RIEAE T R TR s )
SR . RIS A B, X b b B
Jr AR R R T R
EAHE R AR, X B S (R
i T HREA B, TS| & B
SR BRI RE IS . LA, Bl
B HBRA N T AL BB,
XL 2= A T 4l VI HI RO, 2t
— g T R

R T U R R A7, 1R R
THBIIEE. B, I B T

100 um

L)

(b) EfLS B AR T ot

B 7 @EEMHEREIRSTFLE SEM B A
Fig.7 SEM photos of pore walls of hard and
brittle materials in different states

PR T I E , ARSI HAR e v HAR,
TE TR B T e, DR AR
FH S 5, I i 438 i T4 0 R 24 17
T S P it A Ak s A T A ) R
ML RS $ i T T A,

T8 6T L RS s A B SR A
S H05e e 4k sl 75y kit AT LS
BN T 76 T A T i B 1
BRI 20 A9 Hd (RT3
PRSI IR EE S . Bk, B
KRR T 11.72%, Ak, 2478
T AT 0 & R S A X T
it a0 e T B, AT AR SR AR B P e
3 o e 2 A 7 ) A B v o
HIFLEEH . X — R B A i R
BATHIES %

3 #ig

25 320 XTI A 7 iR B )
Tl LN T2 A B 58 A4k, B
57 LUF B

204 Tl Sk O R AIR
GO SR AR T, W% 3] Hd (B
AR TR G BT, X —
Ak I, B 2 Hd {5 1Y B, FL
1 1A ) i IEAE B A s . AL,
R TS AR A FLROR , O
Hd {H4EFFE AR K. R Tl0 50
s A5 A, B T UG oPE B ) T
S ESBCE R TR N A
14000~16000 t/min 2 [H] , JF 45 3 & i/
TE 0.5~0.7 mm/min 22 [&] , 177475 g 0] 7
PERIAE 7~8 pm MBI

2ot oy pr BB ARG S RO
Py AL B LI, AR Y 22
H B UAR G 9 S5 478 75 i B
WOGECHE S, LR TR G A 3
TR, AR B
Ao BRSO S0
PEE T HFLEIN T B .

& % x ot

(1] ARARAE, FAW, 5k 5 M, 2. 8 A
P& 3l oF B4 W7 T H R ERB-SiCH A} X

20244E 5567 501 - MR EIA 17



L Hi

FEATURE

A7 A BRI [T]. LB TS24, 2019, 55(1):
225-232.

ZHENG Feifei, DONG Zhigang, ZHANG
Jiatong, et al. Influence of ultrasonic vibration on
material removal of scratching on RB-SiC with
single diamond tool[J]. Journal of Mechanical
Engineering, 2019, 55(1): 225-232.

[2] REJE, EYEZR, ke, 55 TR
PET A5 K S Fe TPRLRE 2 S2 3G ). PR R A 3
K2R (E SREBL2ARR), 2017, 33(6): 1080-1087.

WU Yuhou, WANG Weidong, LI Songhua,
et al. Experiments of surface roughness of
zirconia ceramics under wet and dry grinding[J].
Journal of Shenyang Jianzhu University (Natural
Science), 2017, 33(6): 1080-1087.

[3]1 MALJ,LIC,CHENJ, et al. Prediction
model and simulation of cutting force in turning
hard-brittle materials[J]. The International Journal
of Advanced Manufacturing Technology, 2017,
91(1): 165-174.

[4] ZFmite, R, oM, 45 ALk
B IEH) T AR AL R BE R I ESET]. AR IR
ERiEH, 2020, 39(1): 271-277.

LI Songhua, WANG Kechong, SUN Jian, et
al. Research on grinding process optimization and
roughness control of zirconia ceramics[J]. Bulletin
of the Chinese Ceramic Society, 2020, 39(1):
271-2717.

[5] ZHU X M, LIU Y, ZHANG J H, et al.
Ultrasonic-assisted electrochemical drill-grinding
of small holes with high-quality[J]. Journal of

Advanced Research, 2020, 23: 151-161.

[6] kb, BERE, XIHAE, 45 B A R
i By S B AR 2R 0], HLAR TR 2241, 2017,
53(19): 33-44.

ZHANG Yuan, KANG Renke, LIU Jinting,
et al. Review of ultrasonic vibration assisted
drilling[J]. Journal of Mechanical Engineering,
2017, 53(19): 33-44.

[71] CAO J G, NIE M, LIU Y M, et
al. Ductile-brittle transition behavior in the
ultrasonic vibration-assisted internal grinding
of silicon carbide ceramics[J]. The International
Journal of Advanced Manufacturing Technology,
2018, 96(9): 3251-3262.

[8] LR—, X, 4T, 4. CFRPAEH4
CEREOG/ MU T T A BEIET]. OG5 L4040,
2022, 52(2): 196-201.

QIU Yi, LIU Zhuang, LI Yuancheng, et al.
Technological investigation of femotosecond laser
drilling of CFRP composite[J]. Laser & Infrared,
2022, 52(2): 196-201.

[9] DONG G J, LANG CY, LI C, et
al. Formation mechanism and modelling of
exit edge-chipping during ultrasonic vibration
grinding of deep-small holes of microcrystalline-
mica ceramics[J]. Ceramics International, 2020,
46(8): 12458-12469.

[10] FENG P F, WANG J J, ZHANG J F,
et al. Drilling induced tearing defects in rotary
ultrasonic machining of C/SiC composites[J].
Ceramics International, 2017, 43(1): 791-799.

[11] WANG J J, FENG P F, ZHANG ]
F. Reduction of edge chipping in rotary ultrasonic
machining by using step drill: A feasibility study[J].
The International Journal of Advanced Manufacturing
Technology, 2016, 87(9): 2809-2819.

[12]  XRAL Bz ik, BROR B, 45 &
OREINFLBR B TR B T, BN T S AR,
2020(4): 61-65.

LIU Yihang, TENG Yunda, GENG Daxi, et
al. Research on quality of CFRP holes by rotary
ultrasonic helical machining[J]. Electromachining
& Mould, 2020(4): 61-65.

[13] 00342, R, X RN, &%, 06 K
IO M AR R S RRHR FLPTSE[].
T 5HE, 2019(2): 55-58.

LIU Ruijun, HUAN Heng, ZHAO Chenxi,
et al. Study on micropore preparation of ceramic
matrix composites by ultra-short pulse laser
processing[J]. Electromachining & Mould,
2019(2): 55-58.

[14] SHARMA A, JAIN V, GUPTA D.
A novel investigation study on float glass hole
surface integrity & tool wear using Chemical
assisted Rotary ultrasonic machining[J]. Materials
Today: Proceedings, 2020, 26: 632-637.

[15] GENG D X, TENG Y D, LIU Y H,
et al. Experimental study on drilling load and
hole quality during rotary ultrasonic helical
machining of small-diameter CFRP holes[J].
Journal of Materials Processing Technology,
2019, 270: 195-205.

Optimization Analysis of Drilling Parameters in Laser Modified Ultrasonic

Vibration Grinding
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[ABSTRACT]

In order to improve the quality and control precision of the end surface of the hole, the optimization of

the processing parameters of the laser modified grinding hole of the hard material is tested and studied under the assistance
of the ultrasonic vibration. By using the rotary ultrasonic method, the processing efficiency is significantly improved, and
the difficulty of processing hard and brittle material holes is effectively overcome. In order to judge the quality level (Hd
value) of the hole outlet, the range of the collapse area is analyzed, and the area ratio of the hole section is measured, and
further discusses the influence of laser modified grinding process parameters on Hd value. Through the comprehensive test
analysis, the best laser modified grinding process parameters are determined: the spindle speed is 14000— 16000 r/min, the
feed speed is 0.5—0.7 mm/min, and the amplitude is 7—8 pum. Compared with the traditional laser processing, the surface
finish after ultrasound-assisted laser modification under the optimal parameters is significantly improved, and the scratches
are greatly reduced, which significantly improves the processing quality. This study has important guiding significance for
improving the quality of laser modified grinding of hard materials, and it can be easily applied in practical production.

Keywords: Grinding; Rotary ultrasound; Laser modification; Hole collapse edge; Edge collapse inhibition; Quality control
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